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SURVIV·AL, GROWTH, AND YIELD OF BROWN TROUT 
S.TOCKED AS FINGERLINGS IN HOT CREEK, CALIFORNIA 1/ 
by 
John M. Deinstadt 2/ 
ABSTRACT 
Four groups of fin clipped brown trout (Salmo trutta) fingerlings were planted in 
Hot Creek over a six year period. Survival and growth were estimated by fall 
and/or spring mark-and-recapture surveys. Yield to the angler for two of the tour 
groups stocked was estimated by stratified random creel surveys. Fingerling 
survival from the midsummer stocking period to fatI averaged 51 %. Overwinter 
survival from young-of-the-year to yearling fish averaged 49%. Angler harvest of 
two groups of fingerlings stocked at densities of 16,082 fish/mile averaged 1,704 
trout/mile (10.6%) and 194 lbs/acre. Abundant cover and microhabitat suitable tor 
young trout, ice-free winters, and rapid growth were factors viewed as contributing 
to high yields. Results do not suggest a change is needed in the general policy of 
not stocking brown trout fingerlings in California streams. Results do show that 
fingerlings stocked in Hot Creek, and presumably other productive streams with 
abundant cover, can effectively fill a void created by limited recruitment. 
1/ Inland Fisheries Administrative Report 98-1. Edited by Arthur C. Knutson, Jr., 
Inland Fisheries Division, 1701 Nimbus Road, Suite e, Rancho Cordova, 
California 95670. This report was prepared as a part of the Federal Aid in 
Sport Fish Restoration Act Program (California, Project F-51-R). 
2/	 Inland Fisheries Division, 1701 Nimbus Road, Suite C, Rancho Cordova, 
California 95670. 
INTRODUCTION
 
Fingerling stocking has not been regarded as a viable management technique in 
most California trout streams for several decades. Studies conducted· in the late 
1930's through the early 1950's in California, Michigan, and other states showed 
that trout fingerling stocking in streams produced low returns to the creel (Burns 
and Calhoun 1966). In California, fingerling trout stocking in streams is now 
generally limited to reestablishing populations following a disaster. 
Hot Creek, which appeared to have limited trout spawning and recruitment, was an 
exception to this management practice. While no regular planting allotment was 
established, the stream was stocked occasionally with several thousand brown 
trout fingerlings. In 1972, the development of a management program for the 
stream was undertaken, including studies of the survival, growth, and yield of 
stocked fingerlings. The results of those studies are reported in this paper. 
DESCRIPTION OF STUDY AREA 
Hot Creek, located near the eastern escarpment of the Sierra Nevada about 35 
miles north of Bishop, California, originates as a series of springs within the 
grounds of the Hot Creek State Trout Hatchery and then flows for about 6 miles to 
its confluence with the upper Owens River. Mammoth Creek, Hot Creek's only 
major tributary, enters the stream just below the hatchery outfall. The study area, 
known as the Hot Creek Gorge, is a 0.93 mile section of stream at an elevation of 
about 7,000 feet. Hot Creek Ranch, a private fly fishing resort, and geothermal 
springs adjacent to the stream in about the middle of the Gorge, form the upper 
and lowerboundaries of the study area, respectively (Figures 1 and 2). 
The stream within the Gorge study area has a narrow strip of open, grass-lined 
banks, and sandy, sagebrush-covered slopes interspersed with scattered junipers 
and rock outcroppings. The average width is 33 feet and the gradient is 45 
feet/mile. Substrate materials are primarily compacted rubble, sand, and gravel. 
There are few pools or undercut banks. Abundant beds of submerged aquatic 
plants, however, provide excellent cover throughout the study area (Figures 3 
through 6). 
Flows usually range from 30 to 100 cfs, with a mean of about 40 cfs. About half 
of the annual flow in the study area is derived from the headwater springs and half 
from Mammoth Creek. While spri.ng sources are relatively stable, flows in 
Mammoth Creek vary widely with higher flushing flows in the late spring and early 
summer considered an important part of the overall flow regime. Average monthly 
stream temperatures range from 45° to 61 0 F, with the single high reading during 
the study of 730 F. Due to inflow of about 56° F water from the hatchery springs, 
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FIGURE 1.	 Upper end of the Gorge with the Hot Creek Ranch in 
the foreground and the eastern escarpment of the 
Sierra Nevada in the background. 
FIGURE 3. Wide, upper run sectíon of the Hot Creek Gorge just 
below the Hot Creek Ranch boundary. 
FIGURE 2. Geothermal site at the lower end of the Hot Creek 
Gorge study area creating a· barrier to downstream 
trout migration. 
FIGURE 4. Combination shallow run and riffle reach in the middle 
of the Hot Creek Gorge study area. 
FIGURE 5. Lower end of the Hot Creek Gorge study area just FIGURE 6. Typical rooted aquatic plant bed providing cover and 
upstream from the geothermal site. microhabitat for brown trout fingerlings stocked in 
the Hot Creek Gorge. 
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the study area remains ice free in the winter. Total dissolved solids averaged about 
130 units. Outflow from the Hot Creek Hatchery increases phosphate and nitrate 
levels. 
Two native species, the Owens sucker (Catostomus fumeiventris) and Owens tui 
chub (Gila bicolor snyderi), now apparently hybridized with introduced tui chubs, 
are present in the study area. Neither species is abundante Rainbow trout, 
primarily escapees from the hatchery or migrants from upstream stocking areas, 
vary in abundance, but were usually a minor part of the population. Introduced 
brown trout are the predominate species. 
Hot Creek is recognized as an exceptionally productive water. During a survey of 
streams in the Owens River drainage during 1983-84, a 1,305-foot reach in the 
Hot Creek Gorge contained an estimated 7,501 age 1 and older trout/mile weighing 
731 lb/acre (Deinstadt, McEwan, and Wong 1985). This biomass estimate was 
later ranked by Platts and McHenry (1988) as the highest reported from 313 trout 
and char streams in 11 Western States. 
Hot Creek is the,only roadside designated wild trout stream in the Inyo-Mono 
County recreation area limited to fly fishing only and, as a consequence, is 
extremely popular with fly anglers from southern California. The fishing season 
starts on the last Saturday in April and continues through 31 October. The limit 
was 10-trout/day during the first year of the study and 2-trout/day thereafter. In 
1980, a 14-inch minimum size restriction was also placed on the fishery. 
Estimates from surveys conducted from 1973 through 1976 showed that anglers 
fished an average of 14,311 hours/season (15,343 hours/mile), and caught from 
7,047 to 18,590 brown trout (7,555 to 19,931/mile) of which 794 to 3,039 
brown trout (851 to 3,258/mile) were kept and 4,984 to 17,096 brown trout 
(5,344 to 18,330/mile) were released. Average seasonal catch rates for brown 
trout landed (kept plus released) ranged from 0.57 to 1.16 brown trout/hour. 
The study area is easily accessible from U.S. Highway 395. Anglers can' park 
above the stream and then walk a few hundred feet by trail to the bottom of the 
Gorge. 
METHOOS 
Fin clipped Mt. Whitney Hatchery strain brown trout fingerlings ranging from 1.7 to 
2.2 inches fork length were stocked in the Hot Creek Gorge during the summer of 
1972 and 1973 and then again in 1976 and 1977 (Table 1). Fingerlings were held 
in the hatchery until they reached a size at which they could be fin clipped 
effectively. The number of fingerlings stocked in 1972 and 1973 was based on 
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TABLE 1. Summary of Brown Trout Fingerling Plants in the Hot Creek Gorge 
During 1972, 1973,1976 and 1977. 
Date Number Mean fork Number per Fin clip 
stocked per mile length (inches) ounce 
7/21/72 16,082 15,000 1.7 21 Adiposa 
8/6/73 16,082 15,000 1.9 24 Left ventral 
7/8/76 8,577 8,000 2.0 18 Right ventral 
8/3/77 4,289 4,000 2.2 10 Adipose 
-5­
what biologists judged the stream could support. The number stocked in 1976 
was about a 50% reduction in the earlier plants and the 1977 plant was a 50% 
reduction in the level stocked in 1976. Plants in 1976 and 1977 were not part of 
the original study design, but were made to compensate for the low densities of 
wild yearling brown trout present during the spring population surveys in 1976 and 
1977. Reduced stocking levels during the latter two years were intended to 
provide adequate recruitment without appreciably reducing growth rates. Stocking 
was usually done systematically, spreading pre-weighed lots of fingerlings evenly 
along both banks starting a few hundred feet below the upper boundary of the 
study area and ending a few h~ndred above the lower boundary (cover photo). 
Survival and growth were assessed by electrofishing at the end of October and 
prior to the start of the fishing season in April from 1972 through 1976. Trout 
were collected with two backpack units fished side by side moving upstream 
through the study area with accompanying netters and livecar carriers. The Bailey 
modification of the Peterson mark-and-recapture method was used to estimate 
,trout populations (Ricker 1958). Confidence intervals (presented in Appendix 1 and 
2) for the estimates involving the 1972 and 1973 plants were calculated at the 
95% level. 
2The 0.93 mile-Iong study area was originally divided into 19 approximately 750 m
(820 yd2) sections with the intent of subsampling six sections. After finding it 
"extremely difficult to maintain block seines at .the upper and lower ends of these 
sections due to accumulations of aquatic plant debris on the nets, a decision was 
made to sample all but the lower two sections. From the fati of 1972 through the 
fall of 1976, 17 of the 19 sections were sampled. The lowermost two sections 
were difficult to sample and not included the study after the spring 1972 survey 
because of increased conductivity associated with geothermal spring inflow. 
A block screen, which when clogged with plant debris created a small waterfall, 
was installed at the upstream Hot Creek Ranch boundary of the study area prior to 
the start of each survey and left in place until sampling was completed. No 
attempt was made to install a block seine at lower end of the sampling area. 
After 1976, electrofishing surveys were only conducted in April and the length of 
stream sampled was reduced to a Ilrepresentative" 1,305 feet long section 
(encompassing five approximately 750 m2 sections) in about the middle of the 
study area. No block seines were installed at either end of this section. Test 
plants of fingerlings continued to be stocked throughout all but the upper- and 
lowermost reaches of the study area. Spot checks of the downstream area" before 
the start of the April surveys indicated that few fish marked during the previous 
electrofishing surveys had migrated out of the test section. 
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Growth of stocked fish was determined by length frequeney analysis of marked fish 
captured during the April surveys. Original field measurements of trout lengths and 
weights were in millimeters and grams. In this report, weights were converted 
from grams to pounds and lengths were converted to their equivalents in inches. 
Yield was estimated for the 1972 and 1973 plants by use of a stratified random 
creel survey with the days per strata determined by optimum alloeation. A total of 
61 to 71 days was sampled in a 187- to 189-day season. Beeause anglers eould 
enter and leave the study area through several access points, a roving survey was 
used to make angler counts and colleet cateh data. Department personnel 
conducting the survey quickly walked the length of the study area every two hours 
eounting anglers on both banks simultaneously and then eondueted interviews 
between eounts. This pattern was followed from 0700 hours or earlier until dusk 
each sample day. 
Trout were not restrieted from emigrating out of the study area. Water 
temperatures from the geothermal springs forming the lower boundary of the study 
area, however, are probably an effeetive barrier in all but possibly peak runoff 
periods. Spot ehecks on the Hot Creek Ranch showed that some upstream 
migration of fin clipped trout did oecur, but the degree of upstream movement was 
considered too low to appreeiably influence the results of the study. 
Survival of the 1972 and 1973 plants was estimated from the summer stocking 
period to fall and from fatI to spring. Thereafter, survival percentages were 
calculated from spring to spring with mortalities of the 1972 and 1973 plants 
divided ¡nto angling and natural mortalities. Angling mortalities are the estimated 
percentages of trout kept by anglers. Hooking mortalities tor trout caught and 
released are ineluded in natural mortalities. As no creel surveys were condueted 
after 1976, angling mortalities were not estimated for fish planted in 1976 and 
1977 . Beeause wild brown trout were not fin elipped as young-of-the-year in 
October during the early phases of the study, length frequencies were used to 
separate young fish. This method of identifying wild trout by year elass could only 
be used sueeessfully during the first year of their life and preeluded estimates of 
the survival and growth of wild brown trout beyond age 1 +. Due to this same 
problem of overlapping length frequeneies of older year classes, no attempt was 
made to estimate wild trout yield by year class. 
RESULTS 
Survival of Stoeked Trout 
Estimated combined populations of stoeked and wild young-of-the-year brown trout 
in the fall of 1972, 1973, and 1976 ranged from 6,085 to 12,166 fish/mile and 
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averaged 8,828 fish/mile (Table 2). Stocked fingerlings accounted for 65% to 
89% of the fati young-of-the-year population~ Survival of stocked fingerlings from 
summer to fall averaged 51 %. Overwinter survival of stocked trout from young-of­
the-year to yearlings averaged 49% (data limited to fish from the 1972 and 1973 
plants). Yearling populations of stocked trout ranged from 942 fish/mile before the 
1978 season to 4,266 fish/mile before the 1974 season. Trout stocked as 
fingerlings accounted for 60% to 83% of the preseason yearling populations 
(Figures 7 and 8). 
Survival from the preseason survey as yearlings to the preseason survey as age 2 + 
fish was 12.9% (50.5% angling mortalities and 36.6% natural mortalities) for the 
1972 plan! and 34.2% (16.3°1b angling mortalities and 49.5% natural mortalities) 
for the 1973 plants (Figure 9 and Appendix 1 and 2). During the next 12-month 
period, 15.7% (63.5% angling mortalities and 20.7% natural mortalities) of the 
1972 plant and 21.2°k (50.1 % angling mortalities and 28.6% natural mortalities) 
of the 1973 plant survived. From the yearling stage on, angling accounted for a 
total of 60% of the mortalities from the 1972 plant and 38% of the mortalities 
from the 1973 plant. 
Survival of the 1976 and 1977 plants averaged 29% from yearlings to age 2 + and 
36% from age 2 + to age 3 + (Figures 7 and 8). 
Growth of Stocked Trout 
Average fork lengths in April of age 1 + to age 4+ brown trout stocked as 
fingerlings were 7.5,11.5,12.8, and 14.3 inches. Lengths at each age were 
greater for the 1976 and 1977 plants than tor the 1972 and 1973 plants (Figure 
1O and Appendix 3). At age 3 + in the spring, the 1976 and 1977 plants averaged 
13.8 inches compared to 11 .8 inches for trout from the 1972 and 1973 plants. 
Percent Returns of Stocked Trout 
Anglers harvested an estimated 11.0% of the 1972 fingerling plant and 10.2% of 
the 1973 plant. Total yield of the 1972 and 1973 plants were similar totaling 191 
and 196 lbs/acre, respectively (Table 3). Age 1 trout accaunted tor an estimated 
1,496 of 1,769 fish/mile harvested from the 1972 plant. Age 2 and older trout 
made up 944 af 1,639 fish/mile harvested from the 1973 plant. 
Survival of Wild Trout 
No estimates were made of wild young-of-the-year densities at the time of the July 
and August fingerling plants. Survival of wild 1972 and 1973 brown trout year 
classes from young-of-the-year in October to yearling fish in April averaged 51 %. 
Average overwinter survival of the same year classes of stocked brown trout 
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TABLE 2.	 Comparison of the Abundance of Wild and Stocked Populations of 
Brown Trout in Hot Creek as Young-of-the-Year Fish in the Fall and 
Yearlings in the Spring. 
Estimated number of brown trout/mile by year class 
1972 1973 1976 1977 
Stocked 16,082 16,082 8,577 4,289 
Young-of-the-year 
Wild 
Stocked 
1,561 
6,673 
4,221 
7,945 
639 
5,446 
Total 8,234 12,166 6,085 
Yearlings 
Wild 
Stocked 
611 
2,961 
2,638 
4,266 
651 
1,752 
631 
942 
Total 3,572 6,904 2,403 1,573 
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preseasan surveys from 1973 thraugh 1976. 
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TABLE 3.	 Brown Trout Yield from the 1972 and 1973 Fingerling Plants in the Hot 
Creek Gorge. 
Year harvested	 Total 
1973 1974 1975 1976 1977 
Number/mile 
1972 plant 1,496 242 31 o o 1,769 
1973 plant 695 731 161 52 11 1,639 
Pounds/acre 
1972 plant 144.8 39.9 6.3 o o 191.0 
1973 plant 53.9 95.0 33.0 14.3 196.2 
11 Based on an estimated harvest of 50% in 1977. 
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smothered aquatic plant beds and covered most of the available spawning areas in 
the study section from the fatI of 1974 until about 1978. The duration of this 
heavy sedimentation episode was extended by the low flows present during the 
1976-77 drought. Contrary to the usual pattern, estimated wild yearling 
populations (approximately 5 to 9 inches in length during April surveys) were about 
equal to or less abundant than age 2 brown trout in 1975 and 1976 (Figure 7). 
Wild yearlings abundance remained low in 1977 and 1978 then increased in 1979 
and was again high in 1980 (Figure 8). Fingerling stocking in 1976 and 1977 
helped fill a void in brown trout populations associated with poor habitat conditions 
in 1977 and 1978. Factors which may ha.ve produced the low wild yearling 
density in 1973 were not identified. 
Returns of 1972 and 1973 Plants 
The difference in the pattern of returns from the 1972 and 1973 plants is 
attributable to the smaller size of the 1973 plant as yearlings and the influence of a 
reduced limit. A smaller proportion of the 1973 plant was vulnerable to angling at 
the start of the 1974 season (few fish less than 7 inches in length were caught 
and/or kept by anglers). The second factor was the reduction in the limit from 1O­
to 2-trout in 1974. An analysis of data during the study showed that the reduced 
limit decreased the harvest of yearlings by about two-thirds, but did not decrease 
the harvest of age 2 and older trout. As a result of these two factors, harvest of 
the .1973 plant was higher for age 2 fish than for yearlings (Figure 9). The 
similarity of the total yield from the 1972 and 1973 plants, despite delayed 
harvest, was attributed, in part, to the slower growth rate of the 1973 plant. 
Wild and Stocked Trout IICompetition" 
The question of whether there was competition between wild and stocked brown 
trout fingerlings was not directly tested or answered during this study. Wild trout 
fingerlings were too small to capture and/or handle effectively during the April 
surveys and no midsummer surveys were conducted. Therefore, survival of wild 
versus hatchery strains was not measured prior to the end of October. Similar 
overwinter survival of the 1972 and 1973 year classes of wild and hatchery trout, 
despite the larger average size of the wild fish, suggests no major advantage 
existéd for either group during the late young-of-the-year to yearling life stage. 
Examining survival of the 1972 and 1973 plants did not help determine whether 
fingerling stocking simply filled a void in the population due to insufficient 
re'cruitment or increased the total abundance of a given year class. Survival of 
stocked fingerlings from summer to fall was higher when wild trout young-of-the ­
year abundance in October was about 4,000 trout/mile than when it was about 
1,500 trout/mile. Again, overwinter survival of stocked fingerlings was higher 
when combined wild and stocked young-of-the-year density in the fall was about 
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12,000 fish/mile than when it was about 8,000 fish/mile (Table 2). It would seem, 
therefore, that if there is a void, its definition should inelude habitat eonditions (and 
possibly other factors) rather than simply the numbers of wild fingerling trout 
present. 
MANAGEMENT IMPLICATIONS 
Due to Hot Creek's atypical habitat conditions, the results of this study do not 
suggest a change is needed in the general policy on stoeking brown trout 
fingerlings in most California streams. The study did show that when there was a 
majar void in brown trout recruitment due to poor habitat conditions in the Gorge, 
fingerling stocking could be effeetively used to maintain the fishery. Study results 
also indicated that the stocking of about 5,000 fingerlings/mile may help assure 
more uniform levels of recruitment without sharply redueing trout growth. Higher 
trout population densities and yields may also be possible through stoeking 
fingerlings in a small number of other exceptionally productive California streams 
with limited recruitment. 
Since 1972, when this study was initiated, Hot Creek has been a designated JJWild 
Trout Stream". Under California Fish and Game Commission poliey, wild strains of 
trout may be planted in designated waters when natural recruitment is considered 
inadequate. As a result of this policy, stoeking simply to assure more uniform 
recruitment was never adopted. The management program that was adopted limits 
fingerling plants to periods when habitat conditions severely reduce brown trout 
recruitment tor 2 or more years. Under this program, the Gorge was not stocked 
for a decade until poor habitat conditions near the end of the 1987-92 drought 
again warranted a fingerling plant. 
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APPENDIX 1.	 Survival of Brown Trout Fingerlings Stocked in the Hot Creek Gorge 
During the Summer of 1972. 
Sample period Type of sample Estimated density Survival Angling 
fish per mile (%) mortality (0A» 
Summer 1972 Stocked 16,082 
Fall 1972 Population 6,673 ± 423 1/ 41.5 
Spring 1973 Population 2,961 ± 211 44.4 
Season 1973 Creel survey 1,496 50.5 
Fall 1973 Population 1,030 ± 95 
Spring 1974 Population 381 ± 74 12.9 2/ 
Season 1974 Creel survey 242 63.5 
Fall 1974 Population 75 ± 14 
. Spring 1975 Population 60± 17 15.7 2/ 
Season 1975 Creel survey 31 51.7 
Fall 1975 Population 1 
Spring 1976 Population O 0.0 2/ 
1/	 95 percent confidence interval. 
2/	 Percent survival from the spring preseason population survey in April to the
 
preseason survey the following year including angling mortalities.
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APPENDIX 2. Survival of Brown Trout Fingerlings Stocked in the Hot Creek Gorge 
During the Su.mmer of 1973. 
Sample period Type of sample Estimated population Percent Percent 
per mile survival angling 
mortality 
Summer 1973 Stocked 16,082 
Fall 1973 Population 7,945 ± 523 .1/ 49.4 
Spring 1974 Population 4,266 ± 268 53.7 
Season 1974 Creel survey 695 16.3 
Fall 1974 Population 2,740 ± 168 
Spring 1975 Population 1,459 ± 73 34.2 2/ 
Season 1975 Creel survey 731 50.1 
Fall 1975 Population 611 ± 83 
Spring 1976 Population 310 ± 43 21.2 2/ 
Season 1976 Creel survey 161 51.9 
Fall 1976 Population 155 ± 42 
Spring 1977 Population 70±29 22.6 2/ 
Season 1977 Estimated 3/ 52 50.0 
Spring 1978 Population 8±0 11.4 2/ 
11 95 percenf confidence interval. 
2/ Percent survival from the spring preseason population survey in April to the 
preseason survey the following year including angling mortalities. 
'JI No creel survey was conducted in 1977 . Fifty percent estimate derived from 
50.1 % angling mortalities in 1976 and 51 .9% mortalities in 1977. 
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APPENDIX 3.	 Growth of Brown Trout Stocked as Fingerlings in the Hat Creek 
Gorge During 1972, 1973, 1976, and 1977. 
Year stocked Mean fork length (inches) in April 
Age 1 + Age 2+ Age 3+ Age 4+ 
1972 
1973 
1976 
1977 
7.1 
6.6 
7.9 
8.3 
11.2 
10.0 
12.2 
12.6 
12.0 
11.5 
14.2 
13.5 
13.3 
15.3 
Average 7.5 11.5 12.8 14.3 
